Abstract AWAKE project, a proton driven plasma wakefield acceleration (PDPWA) experiment is approved by CERN. The PDPWA scheme consists of a seeding laser, a drive beam to establish the accelerating wakefields within the plasma cell; and a witness beam to be accelerated. The drive beam protons will be provided by the CERN's Super Proton Synchrotron (SPS). The plasma ionisation will be performed by a seeding laser and the drive beam protons to produce the accelerating wakefields. After establishing the wakefields, witness beam, namely, electron beam from a dedicated source should be injected into the plasma cell. The primary goal of this experiment is to demonstrate acceleration of a 5-15 MeV single bunch electron beam up to 1 GeV in a 10 m of plasma. This paper explores the possibility of an RF photocathode as the electron source for this PDPWA scheme based on the existing PHIN photo-injector at CERN. The modifications to the existing design, preliminary beam dynamics simulations in order to provide the required electron beam are presented in this paper.
Introduction
The baseline design specifications of the PHIN photoinjector is given in Table 1 . PHIN was designed [4] and commissioned [3] to serve for the CLIC drive beam providing a long bunch train with high charge and most of all with a high intensity stability of less than 0.25% [2] . This paper reports on the modifications and parameter adjustments to 'tune' the PHIN photo-injector in order to produce an electron beam compatible with AWAKE project's witness electron beam. 
Beam Dynamics Simulations
Beam dynamics studies were performed using PARMELA code [5] .
Acceleration
The energy output of the PHIN photo-injector is 5 MeV whereas higher energies are required for the AWAKE witness beam during the injection into the plasma. In order to boost the energy of the electron beam a 80 cm travelling wave structure (TWS) was introduced in the original PHIN design before the exiting diagnostics section ( fig.1 ) on the setup. the energy increase along the beam axis. At the exit of the standing wave cavity beam reaches an energy of about 5 MeV step by step through the cells of the cavity up to 200 mm indicated by the green curve. Energy increase provided by the TWS is shown by the blue curve that reaches a maximum of 17 MeV at about 1000 mm that will be considered as the injection point as far as the optimisation studies are concerned. The evolution of the energy spread during the process is given in fig.3 that stabilises at about 200 mm and stays fairly constant at 0.2%.
Emittance
Total beam dynamics emittance originates from thermally induced transverse momentum, time dependency of RF field and most dominantly space charge forces in a photo-injector. Due to the use of a laser thermal emittance during particles emerging from the cathode is relatively low and about 4% of the total emittance whereas the RF induced component is about 13%. The rest of the emittance is due to the space charge forces and the well-known emittance compensation scheme is utilised to minimise the total emittance through the dominant component. In this scheme a pair of solenoid magnets are placed both ends of the RF gun; the solenoid after the gun controls the beam envelope and therefore the emittance where the first one maintains a zero magnetic field at the location of the cathode and prevents particles gaining transverse momentum. Emittance can be also controlled using the initial conditions such as laser spot size. However one needs to carefully consider while optimising the laser spot size as it effects the charge yield as well. A scan across focusing solenoid field and laser spot size was presented in fig.4 to determine the values of both parameters while producing as much charge as required from the AWAKE electron source. In the figure, colours indicate the longitudinal locations where the emittance is monitored while the plot line-properties correspond to four different laser spot size settings. Consequently, one can easily determine the region for minimum emittance falls within a 2000-3000 Gauss range of the focusing field and emittance increases with the increasing laser spot size. This last effect can be observed more clearly in fig.5 where the black line represents the emittance budget determined by the current electron beam transfer line design of the AWAKE project. According to these considerations a focusing field of about 2500 Gauss and a spot size smaller than 1 mm can provide an emittance within the AWAKE electron gun budget.
The charge production side of the story can be assessed by using the relation in Eq.1 [3] where E acc is the accelerating gradient of the standing wave cavity and σ x is the laser spot size. According to this estimation, with a gradient of 80 MV/m laser spot size can have values between 0.2-1 mm while producing 0.2-4.4 C bunch charge and preserving the emittance under 2 mm mrad. for the laser spot size of 0.6 mm which provides the minimum emittance after the acceleration section. Emittance oscillates in the standing wave cavity and undergoes adiabatic damping in the travelling wave cavity in the first 100 m. The deliverable emittance was optimised at the exit of the travelling wave structures and equals to 1.4 mm mrad. Fig.7 demonstrates how beam waist can be moved along the beam axis by using the two solenoids existing in the setup. The colour-code from blue to red indicates the increasing magnetic field. The dark blue curve emphasises the setting which provides minimum emittance at the exit of the travelling wave structure. Table 2 presents the beam specifications required by AWAKE witness beam and the values that can be delivered by modified-PHIN photo-injector. According to the simulation results PHIN photo-injector can be tuned to provide all specifications required by AWAKE project with the exception of the beam radius which can be further optimised by additional focusing. 
Conclusions and Outlook
A systematic study was conducted in order to explore the possibility of adjusting the existing PHIN photo-injector in order to produce the electron beam required by the AWAKE project to be used as the witness beam in the plasma wakefield acceleration scheme. The preliminary results are promising. Therefore a further investigation is worthwhile such as RF phase and amplitude optimisation to maintain acceleration on the RF off-crest. Operation under this condition can provide an energy chirp which might be used to compress the bunch. Furthermore, optimum integration of the accelerating structure should be determined considering engineering and beam dynamics specifications. Focusing elements should be implemented into the setup which will lead re-optimisation of the laser parameters.
